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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinvention relates to the field of flat
panel display technology and more particular to an or-
ganic light-emitting diode (OLED) display and a manu-
facturing method thereof.

2. The Related Arts

[0002] OLED displays possess advantages, such as
being self-luminous, high brightness, wide view angle,
high contrast, being flexible, and low power consumption,
and thus attract much attention as a new generation of
displaying solution that gradually takes the place of tra-
ditional liquid crystal displays. It is now a symbol of being
high tech by adopting an OLED display panel from small
size ones used in mobile phone display screens to large
size ones used in high definition flat panel televisions.
[0003] The OLED based display technology is different
from the traditional liquid crystal display technology in
that no backlighting is necessary and an extremely thin
organic material coating layer and a glass substrate are
involved so that when an electrical current is conducted
therethrough, the organic material emits light. However,
the organic material is susceptible to reaction with mois-
ture and oxygen and thus, a display based that is based
on the organic material is subject to extremely severe
requirement for packaging of an OLED display panel.
Consequently, packaging an OLED device to improve
sealing of the interior of the device and to achieve isola-
tion from the external environment to the greatest extent
would be indispensable to stable emission of light of the
OLED device.

[0004] The most commonly adopted processes of
packaging existing OLED device involve ultraviolet cur-
able resinin combination with arigid package plate (such
as glass or metal) to cover the packaging. Such process-
es are not fit for flexible devices. Thus, technical solutions
that are based on thin film encapsulation (TFE) that uses
stacked films to package an OLED device have alsobeen
proposed and the related thin film encapsulation art is
considered vital for flexible displaying is regarded as a
mainstream technique in the future. On the other hand,
massive results of study and research reveal deteriora-
tion of the performance of an OLED device is closely
related to material degradation resulting from heat gen-
erated by the device itself. Thus, to effectively isolate
external moisture and oxygen and to reduce heat-in-
duced decomposition caused by the heat generated by
a device are imperative factors for extension of the serv-
ice life of the device.

[0005] Currently,the mostwidely used TFE techniques
generally adopt an inorganic/organic/inorganic alternate
structure, such as a thin film encapsulation structure dis-
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closed in US Patent No. 8569951 B2, this thin film en-
capsulation structure adopting a cyclically alternating ar-
rangement of organics and inorganics, in which the inor-
ganic layers function to block external moisture and ox-
ygen, while the organic layers function for relief of stress
and planarization covering of particulate substances.
Soon afterwards, Samsung massively reported a series
of secondary type TFE techniques, such as
US2009/0252975 A1, US2015/0188084 A1,
US2015/0153779 A1, and US2015/0079707 A1. How-
ever, it is known that such packaging techniques involve
inorganic metal oxides and organic materials, of which
thermal conductivity is generally poor, making it hard to
conduct away heat generated by a device.

[0006] Korean institute of industrial research discloses
in Organic Electrics an OLED device structure, in which
a TFE structure comprises a multiple-layer structure in-
cluding alternate polymer layers and aluminum oxide
(Al,O3) layers and the TFE structure is finally provided,
on a topmost layer, with a copper (Cu) heat dissipation
plate. The OLED device that comprises the copper heat
dissipation plate exhibits an operation temperature that
is lower than that of a device having no such a copper
heat dissipation plate. In addition, with the advance of
operation time, the device with the copper heat dissipa-
tion plate shows a temperature increase trend that is sig-
nificantly suppressed. Such a technique provides a better
guidance solution for heat transfer of an OLED device.
However, the transmission rate of Cu is not high enough,
and, particularly for application in a top emission device
in the display field, such a technique is subjected great
limitation.

[0007] Korea Institute of Science and Technology re-
ported in Journal of Information Display a thin film en-
capsulation technique involving a silver inlay layer. This
thin film encapsulation technique uses a polymer that
contains nanometer particulates of silicon as organic lay-
ers and aluminum oxide (Al,O3) as inorganic layers, with
an extremely thin layer of silver (Ag) interposed between
two Al,O4 inorganic layers and an additional layer of Ag
placed on the topmost layer. A thin film encapsulation
structure adopting such a technique would reduce water
vapor transmission rate (WVPR) of the thin film to
10-5g/m2/d. Also, the addition of Ag helps effectively
transfer heat generated in the interior of the device so as
to improve the stability of the device. However, covering
Ag on an entire surface of the thin film in a top emission
device would reduce outward emission of light so that
such a heat conducting material suffers certain limita-
tions. JP2006259307A proposes a display device com-
prising heat radiators and is a related art.

SUMMARY OF THE INVENTION

[0008] An objective of the present invention is to pro-
vide an organic light-emitting diode (OLED) display,
which allows for effective transfer of heat generated dur-
ing an operation of an OLED device, reduces thermal
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decomposition of a material of the OLED device, and
extends the service life of the device while ensuring suf-
ficient capability of the device in blocking external mois-
ture and oxygen.

[0009] Another objective of the present invention is to
provide a manufacturing method of an OLED display,
which includes a patterned layer of high thermal conduc-
tivity in a thin film encapsulation structure to provide ef-
fective transfer of heat generated during an operation of
an OLED device, reduce thermal decomposition of a ma-
terial of the OLED device, and extend the service life of
the device while ensuring sufficient capability of the de-
vice in blocking external moisture and oxygen.

[0010] To achieve the above objectives, the present
invention provides an OLED display, which comprises
an OLED substrate and a thin film encapsulation layer
disposed on the OLED substrate;

the thin film encapsulation layer comprising a first
inorganic passivation layer disposed on the OLED
substrate, a high thermal conductivity layer directly
disposed on the first inorganic passivation layer, a
first organic buffer layer directly disposed on the first
inorganic passivation layer and the high thermal con-
ductivity layer, and a second inorganic passivation
layer directly disposed on the first organic buffer lay-
er;

the OLED substrate comprising a plurality of pixel
units arranged in an array, each of the pixel units
comprising a plurality of sub-pixel areas arranged in
the array;

the high thermal conductivity layer comprising a plu-
rality of openings formed therein to correspond, in a
one to one manner, to the plurality of the sub-pixel
areas of the plurality of pixel units, the first organic
buffer layer completely filling up the plurality of open-
ings formed in the high thermal conductivity layer.

[0011] The high thermal conductivity layer comprises
a material that comprises diamond-like carbon, silver,
aluminum, aluminum nitride, graphene, or copper, the
high thermal conductivity layer having a thickness of
1-1000 nm.

[0012] The thin film encapsulation layer further com-
prises a second organic buffer layer disposed on the sec-
ond inorganic passivation layer and a third inorganic pas-
sivation layer disposed on the second organic buffer lay-
er.

[0013] The first, second, and third inorganic passiva-
tion layers each comprise a material that comprises
Al,O4, TiO,, SiNx, SiCNXx, or SiOx, the first, second, and
third inorganic passivation layers each having a thick-
ness of 0.5-1um;

the first and second organic buffer layers each compris-
ing a material that comprises hexamethyldisiloxane,
polyacrylate polymers, polycarbonate polymers, or pol-
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having a thickness of 4-8u.m.

[0014] Each of the pixel units comprises four sub-pixel
areas arranged in a 2X2 array, the four sub-pixel areas
being respectively white, red, blue, and green sub-pixel
areas.

[0015] The presentinvention also provides a manufac-
turing method of an OLED display, which comprises the
following steps:

Step 1: providing an OLED substrate, wherein the
OLED substrate comprises a plurality of pixel units
arranged in an array and each of the pixel units com-
prises a plurality of sub-pixel areas arranged in the
array; and

Step 2: forming a thin film encapsulation layer on the
OLED substrate to provide an OLED display;
wherein the thin film encapsulation layer is formed
with a process that comprises the following steps:
Step 21: depositing and forming a firstinorganic pas-
sivation layer on the OLED substrate;

Step 22: directly forming a high thermal conductivity
layer on the firstinorganic passivation layer, the high
thermal conductivity layer comprising a plurality of
openings that correspond, in a one to one manner,
to the plurality of sub-pixel areas of the plurality of
pixel units;

Step 23: directly forming a first organic buffer layer
on the first inorganic passivation layer and the high
thermal conductivity layer such that the first organic
buffer layer completely fills up the plurality of open-
ings formed in the high thermal conductivity layer;
and

Step 24: directly depositing and forming a second
inorganic passivation layer on the first organic buffer
layer.

Step 22 comprises applying vacuum deposition with
a mask plate to direct form the high thermal conduc-
tivity layer that comprises the plurality of openings;
or alternatively,

applying plasma enhanced chemical vapor deposi-
tion (PECVD), atomic layer deposition (ALD), pulsed
laser deposition (PLD), or sputtering to first deposit
a thermally conductive layer and then, subjecting the
thermally conductive film to treatment through pho-
toengraving so as to form the plurality of openings
in the thermally conductive film to thus provide the
high thermal conductivity layer;

wherein the high thermal conductivity layer compris-
es a material that comprises diamond-like carbon,
silver, aluminum, aluminum nitride, graphene, or
copper, and the high thermal conductivity layer has
a thickness of 1-1000 nm.

[0016] The process with which the thin film encapsu-
lation layer is formed further comprises:

Step 25: forming a second organic buffer layer on
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the second inorganic passivation layer; and

Step 26: depositing and forming a third inorganic
passivation layer on the second organic buffer layer.

[0017] The first, second, and third inorganic passiva-
tion layers are each formed with PECVD, ALD, PLD, or
sputtering; the first, second, and third inorganic passiva-
tion layers each comprise a material that comprises
Al,Og, TiO,, SiNx, SICNx, or SiOx; and the first, second,
and third inorganic passivation layers each have a thick-
ness of 0.5-1um;

wherein the first and second organic buffer layers are
each formed with ink jet printing (IJP), PECVD, screen
printing, or slot coating; the first and second organic buff-
er layers each comprise a material that comprises hex-
amethyldisiloxane, polyacrylate polymers, polycar-
bonate polymers, or polystyrene; and the first and second
organic buffer layers each have a thickness of 4-8um.
[0018] Inthe OLED substrate provided in Step 1, each
of the pixel units comprises four sub-pixel areas arranged
in a 2X2 array and the four sub-pixel areas are respec-
tively white, red, blue, and green sub-pixel areas.
[0019] The efficacy of the present invention is that the
presentinvention provides an OLED display, which com-
prises an OLED substrate and a thin film encapsulation
layer disposed on the OLED substrate, wherein the thin
film encapsulation layer comprises a patterned high ther-
mal conductivity layer and the high thermal conductivity
layeris provided with a plurality of openings formed there-
in to correspond, in a one to one manner, to a plurality
of sub-pixel areas of the OLED substrate so as to prevent
the high thermal conductivity layer from absorbing light
and also help eliminate the constraint that a top emission
device is only allowed to use a material having a high
transmission rate, thereby allowing for effective transfer
of heat generated during an operation of an OLED device
without deteriorating light emission efficiency of the de-
vice, reducing thermal decomposition of a material of the
OLED device, and ensuring the device possesses suffi-
ciency capability of blocking external moisture and oxy-
gen to thus extend the service life of the device; and the
present invention provides a manufacturing method of
an OLED display, which adopts thin film encapsulation
to package an OLED device and adds a patterned high
thermal conductivity layer in the thin film encapsulation
structure, wherein the high thermal conductivity layer is
provided with a plurality of openings formed therein to
correspond, in a one to one manner, to a plurality of sub-
pixel areas of the OLED substrate so as to prevent the
high thermal conductivity layer from absorbing light and
also help eliminate the constraint that a top emission de-
vice is only allowed to use a material having a high trans-
mission rate, thereby allowing for effective transfer of
heat generated during an operation of an OLED device
without deteriorating light emission efficiency of the de-
vice, reducing thermal decomposition of a material of the
OLED device, and ensuring the device possesses suffi-
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ciency capability of blocking external moisture and oxy-
gen to thus extend the service life of the device.

[0020] For better understanding of the features and
technical contents of the present invention, reference will
be made to the following detailed description of the
present invention and the attached drawings. However,
the drawings are provided only for reference and illustra-
tion and are not intended to limit the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The technical solution, as well as other benefi-
cial advantages, of the present invention will become ap-
parent from the following detailed description of embod-
iments of the present invention, with reference to the at-
tached drawings.

[0022] In the drawings:

FIG. 1 is a schematic view showing the structure of
a first embodiment of an organic light-emitting diode
(OLED) display according to the present invention.

FIG. 2 is a schematic view showing the structure of
a second embodiment of the OLED display accord-
ing to the present invention.

FIG. 3 is a flow chart illustrating a manufacturing
method of an OLED display according to the present
invention;

FIG. 4 is a schematic view illustrating Step 21 of the
manufacturing method of the OLED display accord-
ing to the present invention;

FIG. 5 is a schematic view illustrating Step 22 of the
manufacturing method of the OLED display accord-
ing to the present invention;

FIG. 6 is a schematic view illustrating Step 23 of the
manufacturing method of the OLED display accord-
ing to the present invention; and

FIG. 7 is a schematic view illustrating Step 25 of a
second embodiment of the manufacturing method
of the OLED display according to the present inven-
tion;

DETAILED DESCRIPTOIN OF THE PREFERRED EM-
BODIMENTS

[0023] Tofurtherexpound the technical solution adopt-
ed in the present invention and the advantages thereof,
a detailed description will be given with reference to the
preferred embodiments of the present invention and the
drawings thereof.

[0024] Referring to FIG. 1, which is a schematic view
showing the structure of a first embodiment of an organic
light-emitting diode (OLED) display according to the
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presentinvention. In the instant embodiment, the OLED
display comprises an OLED substrate 101 and a thin film
encapsulation layer disposed on the OLED substrate
101.

[0025] The thin film encapsulation layer comprises a
first inorganic passivation layer 201 disposed on the
OLED substrate 101, a high thermal conductivity layer
301 directly disposed on the first inorganic passivation
layer 201, afirst organic buffer layer 401 directly disposed
on the first inorganic passivation layer 201 and the high
thermal conductivity layer 301, and a second inorganic
passivation layer 202 2. directly disposed on the first or-
ganic buffer layer 401.

[0026] The OLED substrate 101 comprises a plurality
of pixel units arranged in an array. Each of the pixel units
comprises a plurality of sub-pixel areas arranged in the
array.

[0027] The high thermal conductivity layer 301 is pro-
vided with a plurality of openings 3011 formed therein to
correspond, in a one to one manner, to the plurality of
the sub-pixel areas of the plurality of pixel units. The first
organic buffer layer 401 completely fills up the plurality
of openings 3011 formed in the high thermal conductivity
layer 301.

[0028] Specifically, in the present invention, the plural-
ity of openings 3011 of the high thermal conductivity layer
301 are arranged in a manner identical to the arrange-
ment of the plurality of sub-pixel areas of the plurality of
pixel units and each of the openings 3011 has a size
consistent with a size of the corresponding one of the
sub-pixel areas so as to prevent the high thermal con-
ductivity layer 301 from absorbing light emitting from the
sub-pixel areas and also help eliminate the constraint
that a top emission device is only allowed to use a ma-
terial having a high transmission rate, thereby allowing
for effective transfer of heat generated during an opera-
tion of an OLED device without deteriorating light emis-
sion efficiency of the device, reducing thermal decompo-
sition of a material of the OLED device, and ensuring the
device possesses sufficiency capability of blocking ex-
ternal moisture and oxygen to thus extend the service
life of the device.

[0029] Specifically, in the instant embodiment, each of
the pixel units comprises four sub-pixel areas arranged
in a 2X2 array. The four sub-pixel areas are respectively
white, red, blue, and green sub-pixel areas. Each of the
openings 3011 that corresponds to the white sub-pixel
area has a size consistent with a size of the white sub-
pixel area; and similarly, the openings 3011 that corre-
spond to the red, blue, and green sub-pixel areas have
sizes respectively consistent with sizes of the red, blue,
and green sub-pixel areas.

[0030] Specifically, the high thermal conductivity layer
301 comprises a material that is a metallic or non-metal
high thermal conductivity material, such as diamond-like
carbon (DLC), silver, aluminum (Al), aluminum nitride
(AIN), graphene, and copper.

[0031] Specifically, the high thermal conductivity layer
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301 has a thickness of 1-1000 nm.

[0032] Specifically, the first and second inorganic pas-
sivation layers 201, 202 comprise a material that is a
material for blocking external moisture and oxygen, such
as Al,Og, titanium oxide (TiO,), silicon nitride (SiNx), sil-
icon carbon nitride (SiCNXx), and silicon oxide (SiOx).
[0033] Specifically, the first and second inorganic pas-
sivation layers 201, 202 each have a thickness of
0.5-1pm.

[0034] Specifically, the first organic buffer layer 401
comprises a material that is a material for stress relief
and covering particulates, such as hexamethyldisiloxane
(HMDSO), polyacrylate polymers (such as acrylic), poly-
carbonate polymers, and polystyrene.

[0035] Specifically, the first organic buffer layer 401
has a thickness of 4-8m.

[0036] Referring to FIG. 2, which is a schematic view
showing a structure of a second embodiment of an OLED
display according to the present invention, compared to
the first embodiment described above, the thin film en-
capsulation layer further comprises a second organic
buffer layer 402 disposed on the second inorganic pas-
sivation layer 202 and a third inorganic passivation layer
203 disposed on the second organic buffer layer 402. In
this embodiment, the second organic buffer layer 402
and the first organic buffer layer 401 comprise a material
comprising hexamethyldisiloxane, polyacrylate poly-
mers, polycarbonate polymers, or polystyrene; and the
second organic buffer layer 402 and the first organic buff-
er layer 401 each have a thickness of 4-8um. The third
inorganic passivation layer 203 and the first and second
inorganic passivation layers 201, 202 comprise a mate-
rial comprising Al,O3, TiO,, SiNx, SiCNXx, or SiOx; and
the third inorganic passivation layer 203 and the first and
second inorganic passivation layers 201, 202 each have
a thickness of 0.5-pum. The remaining is the same as
those of the first embodiment described above and thus,
repeated description is omitted herein.

[0037] Based on the OLED display described above,
reference being had to FIG. 3, the present invention fur-
ther provides a manufacturing method of an OLED dis-
play, of which a first example specifically comprises the
following steps:

Step 1: providing an OLED substrate 101, wherein
the OLED substrate 101 comprises a plurality of pixel
units arranged in an array and each of the pixel units
comprises a plurality of sub-pixel areas arranged in
the array.

Step 2: forming a thin film encapsulation layer on the
OLED substrate 101 to provide an OLED display;

wherein the thin film encapsulation layer is formed
through a process that comprises the following

steps:

Step 21: as shown in FIG. 4, applying plasma en-
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hanced chemical vapor deposition (PECVD), atomic
layer deposition (ALD), pulsed laser deposition
(PLD), or sputtering to deposit and form a first inor-
ganic passivation layer 201 on the OLED substrate
101.

[0038] Specifically, the firstinorganic passivation layer
201 comprises a material that is a material for blocking
external moisture and oxygen, such as Al,O5, TiO,, SiNx,
SiCNXx, and SiOx.

[0039] Specifically, the firstinorganic passivation layer
201 has a thickness of 0.5-1um.

[0040] Step 22: as shown in FIG. 5, directly forming a
high thermal conductivity layer 301 on the first inorganic
passivation layer 201, the high thermal conductivity layer
301 comprising a plurality of openings 3011 that corre-
spond, in a one to one manner, to the plurality of sub-
pixel areas of the plurality of pixel units.

[0041] Specifically, Step 22 comprises applying vacu-
um deposition with a mask plate to direct form the high
thermal conductivity layer 301 that comprises the plurality
of openings 3011; or alternatively,

applying various metal or non-metal deposition process-
es, such as PECVD, ALD, PLD, and sputtering, to first
deposit a thermally conductive layer and then, subjecting
the thermally conductive film to treatment through pho-
toengraving so as to form the plurality of openings 3011
in the thermally conductive film to thus provide the high
thermal conductivity layer 301.

[0042] Specifically, in the present invention, the plural-
ity of openings 3011 of the high thermal conductivity layer
301 are arranged in a manner identical to the arrange-
ment of the plurality of sub-pixel areas of the plurality of
pixel units and each of the openings 3011 has a size
consistent with a size of the corresponding one of the
sub-pixel areas so as to prevent the high thermal con-
ductivity layer 301 from absorbing light emitting from the
sub-pixel areas and also help eliminate the constraint
that a top emission device is only allowed to use a ma-
terial having a high transmission rate, thereby allowing
for effective transfer of heat generated during an opera-
tion of an OLED device without deteriorating light emis-
sion efficiency of the device, reducing thermal decompo-
sition of a material of the OLED device, and ensuring the
device possesses sufficiency capability of blocking ex-
ternal moisture and oxygen to thus extend the service
life of the device.

[0043] Specifically, in the instant embodiment, each of
the pixel units comprises four sub-pixel areas arranged
in a 2Xx2 array. The four sub-pixel areas are respectively
white, red, blue, and green sub-pixel areas. Each of the
openings 3011 that corresponds to the white sub-pixel
area has a size consistent with a size of the white sub-
pixel area; and similarly, the openings 3011 that corre-
spond to the red, blue, and green sub-pixel areas have
sizes respectively consistent with sizes of the red, blue,
and green sub-pixel areas.

[0044] Specifically, the high thermal conductivity layer
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301 comprises a material that is a metallic or non-metal
high thermal conductivity material, such as diamond-like
carbon, silver, aluminum, aluminum nitride, graphene,
and copper.

[0045] Specifically, the high thermal conductivity layer
301 has a thickness of 1-1000 nm.

[0046] Step 23, as shown in FIG. 6, applying ink jet
printing (IJP), PECVD, screen printing, or slot coating to
form a first organic buffer layer 401 directly on the first
inorganic passivation layer 201 and the high thermal con-
ductivity layer 301 such that the first organic buffer layer
401 completely fills up the plurality of openings 3011
formed in the high thermal conductivity layer 301.
[0047] Specifically, the first organic buffer layer 401
comprises a material that is a material for stress relief
and covering particulates, such as hexamethyldisi-
loxane, polyacrylate polymers (such as acrylic), polycar-
bonate polymers, and polystyrene.

[0048] Specifically, the first organic buffer layer 401
has a thickness of 4-8m.

[0049] Step 24: applying PECVD, ALD, PLD, or sput-
tering to deposit and form a second inorganic passivation
layer 202 directly on the first organic buffer layer 401 so
as to provide an OLED display shown in FIG. 1.

[0050] Specifically, the second inorganic passivation
layer 202 comprises a material thatis a material for block-
ing external moisture and oxygen, such as Al,O3, TiO,,
SiNx, SiCNx, and SiOx; and the second inorganic pas-
sivation layer 202 has a thickness of 0.5-1um.

[0051] A secondexample ofthe manufacturing method
of an OLED display according to the present invention,
when compared to the first example described above,
involves a process of forming the thin film encapsulation
layer that further comprises:

[0052] Step25:asshowninFIG.7,coatingandforming
a second organic buffer layer 402 on the second inor-
ganic passivation layer 202.

[0053] Specifically, the second organic bufferlayer402
and the first organic buffer layer 401 are each formed
with UP, PECVD, screen printing, or slot coating; the sec-
ond organic buffer layer 402 and the first organic buffer
layer 401 comprises a material comprising hexamethyl-
disiloxane, polyacrylate polymers, polycarbonate poly-
mers, or polystyrene; and the second organic buffer layer
402 and the first organic buffer layer 401 each have a
thickness of 4-8um.

[0054] Step 26: coating and forming a third inorganic
passivation layer 203 on the second organic buffer layer
402 so as to provide an OLED display as shown in FIG. 2.
[0055] Specifically, the third inorganic passivation lay-
er 203 and the first and second inorganic passivation
layers 201, 202 are each formed with PECVD, ALD, PLD,
or sputtering; the third inorganic passivation layer 203
and the firstand second inorganic passivation layers 201,
202 each comprise a material that comprising Al,Os,
TiO,, SiNx, SiCNx, or SiOx; and the third inorganic pas-
sivation layer 203 and the first and second inorganic pas-
sivation layers 201, 202 each have a thickness of
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0.5-1pm.

[0056] In summary, the present invention provides an
OLED display, which comprises an OLED substrate and
a thin film encapsulation layer disposed on the OLED
substrate, wherein the thin film encapsulation layer com-
prises a patterned high thermal conductivity layer and
the high thermal conductivity layer is provided with a plu-
rality of openings formed therein to correspond, in a one
to one manner, to a plurality of sub-pixel areas of the
OLED substrate so as to prevent the high thermal con-
ductivity layer from absorbing light and also help elimi-
nate the constraint that a top emission device is only al-
lowed to use a material having a high transmission rate,
thereby allowing for effective transfer of heat generated
during an operation of an OLED device without deterio-
rating light emission efficiency of the device, reducing
thermal decomposition of a material of the OLED device,
and ensuring the device possesses sufficiency capability
of blocking external moisture and oxygen to thus extend
the service life of the device; and the present invention
provides a manufacturing method of an OLED display,
which adopts thin film encapsulation to package an
OLED device and adds a patterned high thermal conduc-
tivity layer in the thin film encapsulation structure, where-
in the high thermal conductivity layer is provided with a
plurality of openings formed therein to correspond, in a
one to one manner, to a plurality of sub-pixel areas of
the OLED substrate so as to prevent the high thermal
conductivity layer from absorbing light and also help elim-
inate the constraint that a top emission device is only
allowed to use a material having a high transmission rate,
thereby allowing for effective transfer of heat generated
during an operation of an OLED device without deterio-
rating light emission efficiency of the device, reducing
thermal decomposition of a material of the OLED device,
and ensuring the device possesses sufficiency capability
of blocking external moisture and oxygen to thus extend
the service life of the device.

[0057] Based on the description given above, those
having ordinary skills in the art may easily contemplate
various changes and modifications of the technical solu-
tion and the technical ideas of the present invention. All
these changes and modifications are considered belong-
ing to the protection scope of the present invention as
defined in the appended claims.

Claims

1. An organic light-emitting diode, OLED, display,
wherein the OLED

display comprises an OLED substrate (101) and
a thin film encapsulation layer disposed on the
OLED substrate (101);

the thin film encapsulation layer comprising a
first inorganic passivation layer (201) disposed
on the OLED substrate (101), a high thermal
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conductivity layer (301) directly disposed on the
first inorganic passivation layer (201), a first or-
ganic buffer layer (401) directly disposed on the
first inorganic passivation layer (201) and the
high thermal conductivity layer (301), and a sec-
ond inorganic passivation layer (202) directly
disposed on the first organic buffer layer (401);
the OLED substrate (101) comprising a plurality
of pixel units arranged in an array, each of the
pixel units comprising a plurality of sub-pixel ar-
eas arranged in the array;

the high thermal conductivity layer (301) com-
prising a plurality of openings (3011) formed
therein to correspond, in a one to one manner,
to the plurality of the

sub-pixel areas of the plurality of pixel units, the
first organic buffer layer (401) completely filling
up the plurality of openings (3011) formed in the
high thermal conductivity layer (301).

The OLED display as claimed in Claim 1, wherein
the high thermal

conductivity layer (301) comprises a material that
comprises diamond-like carbon, silver, aluminum,
aluminum nitride, graphene, or copper, the high ther-
mal conductivity layer (301) having a thickness of
1-1000 nm.

The OLED display as claimed in Claim 1, wherein
the thin film

encapsulation layer further comprises a second or-
ganic buffer layer (402) disposed on the second in-
organic passivation layer (202) and a third inorganic
passivation layer (203) disposed on the second or-
ganic buffer layer (402).

The OLED display as claimed in Claim 3, wherein
the first, second,

and third inorganic passivation layers (201, 202,
203) each comprise a material that comprises
Al,O3, TiO,, SiNx, SiCNXx, or SiOx, the first, sec-
ond, and third inorganic passivation layers (201,
202, 203) each having a thickness of 0.5-1um

the first and second organic buffer layers (401,
402) each comprising a material that comprises
hexamethyldisiloxane, polyacrylate polymers,
polycarbonate polymers, or polystyrene, the first
and second organic buffer layers (401, 402)
each having a thickness of 4-8.m.

The OLED display as claimed in Claim 1, wherein
each of the pixel

units comprises four sub-pixel areas arranged in a
2X2 array, the four sub-pixel areas being respec-
tively white, red, blue, and green sub-pixel areas.

A manufacturing method of an organic light-emitting
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conductivity layer (301);

wherein the high thermal conductivity layer
(301) comprises a material that comprises dia-
mond-like carbon, silver, aluminum, aluminum

diode (OLED) display, wherein the manufacturing nitride, graphene, or copper, and the high ther-
method of the OLED display comprises the following mal conductivity layer (301) has a thickness of
steps: 1-1000 nm.
Step 1: providing an OLED substrate (101), 5 8. The manufacturing method of the OLED display as
wherein the OLED substrate (101) comprises a claimed in Claim 6, wherein the process with which
plurality of pixel units arranged in an array and the thin film encapsulation layer is formed further
each of the pixel units comprises a plurality of comprises:
sub-pixel areas arranged in the array; and
Step 2: forming a thin film encapsulation layer 10 Step 25: forming a second organic buffer layer
on the OLED substrate (101) to provide an (402) on the second inorganic passivation layer
OLED display; (202); and
wherein the thin film encapsulation layer is Step 26: depositing and forming a third inorganic
formed with a process that comprises the follow- passivation layer (203) on the second organic
ing steps: 15 buffer layer (402).
Step 21: depositing and forming a first inor- 9. The manufacturing method of the OLED display as
ganic passivation layer (201) on the OLED claimed in Claim 8, wherein
substrate (101);
Step 22: directly forming ahigh thermal con- 20 the first, second, and third inorganic passivation
ductivity layer (301) on the first inorganic layers (201, 202, 203) are each formed with
passivation layer (201), the high thermal PECVD, ALD, PLD, or sputtering; the first, sec-
conductivity layer (301) comprising a plural- ond, and third inorganic passivation layers (201,
ity of openings (3011) that correspond, in a 202, 203) each comprise a material that com-
one to one manner, to 25 prises Al,O5, TiO,, SiNx, SiCNx, or SiOx; and
the first, second, and third inorganic passivation
the plurality of sub-pixel areas of the plurality of layers (201, 202, 203) each have a thickness of
pixel units; 0.5-1pm
Step 23: directly forming a first organic buffer wherein the first and second organic buffer lay-
layer (401) on the first inorganic passivation lay- 30 ers (401, 402) are each formed with ink jet print-
er (201) and the high thermal conductivity layer ing (IJP), PECVD, screen printing, or slot coat-
(301) such that the first organic buffer layer (401) ing; the first and second organic buffer layers
completely fills up the plurality of openings (401, 402) each comprise a material that com-
(3011) formed in the high thermal conductivity prises hexamethyldisiloxane, polyacrylate poly-
layer (301); and 35 mers, polycarbonate polymers, or polystyrene;
Step 24: directly depositing and forming a sec- and the first and second organic buffer layers
ond inorganic passivation layer (202) on the first (401, 402) each have a thickness of 4-8m.
organic buffer layer (401).
10. The manufacturing method of the OLED display as
The manufacturing method of the OLED display as 40 claimed in Claim 6, wherein,
claimed in Claim 6, wherein inthe OLED substrate (101) provided in Step 1, each
of the pixel units comprises four sub-pixel areas ar-
Step 22 comprises applying vacuum deposition ranged in a 2X2 array and the four sub-pixel areas
with a mask plate to direct form the high thermal are respectively white, red, blue, and green sub-pixel
conductivity layer (301) that comprises the plu- 45 areas.
rality of openings (3011); or alternatively,
applying plasma enhanced chemical vapor dep-
osition (PECVD), atomic layer deposition (ALD), Patentanspriiche
pulsed laser deposition (PLD), or sputtering to
first deposit a thermally conductive layer and 50 1. Organische-lichtemittierende-Dioden-, OLED-, An-
then, subjecting the thermally conductive film to zeige, wobei die OLED-Anzeige ein OLED-Substrat
treatment through photoengraving so as to form (101) und eine auf dem OLED-Substrat (101) ange-
the plurality of openings (3011) in the thermally ordnete Dunnfilm-Verkapselungsschicht umfasst;
conductive film to thus provide the high thermal
55

wobei die Dunnfilm-Verkapselungsschicht eine
erste anorganische Passivierungsschicht (201),
die auf dem OLED-Substrat (101) angeordnet
ist, eine Schicht (301) mit hoher Warmeleitfa-
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higkeit, die direkt auf der ersten anorganischen
Passivierungsschicht (201) angeordnet ist, eine
erste organische Pufferschicht (401), die direkt
auf der ersten anorganischen Passivierungs-
schicht (201) und der Schicht (301) mit hoher
Warmeleitfahigkeit angeordnet ist, und eine
zweite anorganische Passivierungsschicht
(202), die direkt auf der ersten organischen Puf-
ferschicht (401) angeordnet ist, umfasst;

wobei das OLED-Substrat (101) eine Vielzahl
von in einer Matrix angeordneten Pixeleinheiten
umfasst, wobei jede der Pixeleinheiten eine
Vielzahl von in der Matrix angeordneten Sub-
Pixelbereichen umfasst;

wobei die Schicht (301) mit hoher Warmeleitfa-
higkeit eine Vielzahl von Offnungen (3011) auf-
weist, die derart in der Schicht mit hoher War-
meleitfahigkeit ausgeformt sind, dass sie eins
zu eins der Vielzahl der Sub-Pixelbereiche der
Vielzahl von Pixeleinheiten entsprechen, wobei
die erste organische Pufferschicht (401) die
Vielzahl von Offnungen (3011), die in der
Schicht (301) mit hoher Warmeleitfahigkeit aus-
gebildet sind, vollstéandig auffillt.

OLED-Anzeige nach Anspruch 1, wobei die Schicht
(301) mit hoher Warmeleitfahigkeit ein Material um-
fasst, das diamantartigen Kohlenstoff, Silber, Alumi-
nium, Aluminiumnitrid, Graphen oder Kupfer um-
fasst, wobei die Schicht (301) mit hoher Warmeleit-
fahigkeit eine Dicke von 1-1000 nm aufweist.

OLED-Anzeige nach Anspruch 1, wobei die Dinn-
film-Verkapselungsschicht ferner eine zweite orga-
nische Pufferschicht (402), die auf der zweiten an-
organischen Passivierungsschicht (202) angeord-
net ist, und eine dritte anorganische Passivierungs-
schicht (203), die auf der zweiten organischen Puf-
ferschicht (402) angeordnet ist, umfasst.

OLED-Anzeige nach Anspruch 3, wobei die erste,
zweite und dritte anorganische Passivierungs-
schicht (201, 202, 203) jeweils ein Material umfas-
sen, das Al,O3, TiO, , SiNx, SiCNx oder SiOx um-
fasst, wobei die erste, zweite und dritte anorganische
Passivierungsschicht (201, 202, 203) jeweils eine
Dicke von 0,5-1 um aufweisen;

wobei die erste und die zweite organische Puffer-
schicht (401, 402) jeweils ein Material umfassen, das
Hexamethyldisiloxan, Polyacrylatpolymere, Poly-
carbonatpolymere oder Polystyrol aufweist, wobei
die erste und die zweite organische Pufferschicht
(401, 402) jeweils eine Dicke von 4-8 pum aufweisen.

OLED-Anzeige nach Anspruch 1, wobei jede der Pi-
xeleinheiten vier Sub-Pixelbereiche umfasst, die in
einer 2X2-Matrix angeordnet sind, wobei die vier
Sub-Pixelbereiche jeweils weilte, rote, blaue und
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7.

griine Sub-Pixelbereiche sind.

Verfahren zur Herstellung einer organischen-lichte-
mittierenden-Dioden-(OLED)-Anzeige, wobei das
Verfahren zur Herstellung der OLED-Anzeige die fol-
genden Schritte umfasst:

Schritt 1: Bereitstellen eines OLED-Substrats
(101), wobei das OLED-Substrat (101) eine
Vielzahl von in einer Matrix angeordneten Pixel-
einheiten umfasst und jede der Pixeleinheiten
eine Vielzahl von in der Matrix angeordneten
Sub-Pixelbereichen umfasst; und

Schritt 2: Bilden einer Dunnfilm-Verkapselungs-
schicht auf dem OLED-Substrat (101), um eine
OLED-Anzeige bereitzustellen;

wobei die Dinnfilm-Verkapselungsschicht mit
einem Verfahren gebildet wird, das die folgen-
den Schritte umfasst:

Schritt21: Abscheiden und Bilden einer ers-
ten anorganischen Passivierungsschicht
(201) auf dem OLED-Substrat (101);
Schritt 22: Ausbilden einer Schicht (301) mit
hoher Warmeleitfahigkeit direkt auf der ers-
ten anorganischen Passivierungsschicht
(201), wobei die Schicht (301) mit hoher
Warmeleitfahigkeit eine Vielzahl von Off-
nungen (3011) aufweist, die eins zu eins der
Vielzahl von Sub-Pixelbereichen der Viel-
zahl von Pixeleinheiten entsprechen;
Schritt 23: Ausbilden einer ersten organi-
schen Pufferschicht (401) direkt aufderers-
ten anorganischen Passivierungsschicht
(201) und der Schicht (301) mit hoher War-
meleitfahigkeit, so dass die erste organi-
sche Pufferschicht (401) die Vielzahl der in
der Schicht (301) mit hoher Warmeleitfahig-
keit ausgebildeten Offnungen (3011) voll-
sténdig auffullt; und

Schritt 24: Abscheiden und Bilden einer
zweiten anorganischen Passivierungs-
schicht (202) direkt auf der ersten organi-
schen Pufferschicht (401).

Herstellungsverfahren fir die OLED-Anzeige nach
Anspruch 6, wobei Schritt 22 die Anwendung einer
Vakuumabscheidung mit einer Maskenplatte um-
fasst, um die Schicht (301) mit hoher Warmeleitfa-
higkeit, die die Vielzahl von Offnungen (3011) um-
fasst, direkt auszubilden; oder alternativ,

Anwenden von plasmagestitzter chemischer
Dampfphasenabscheidung (PECVD), Atomla-
genabscheidung (ALD), gepulster Laserab-
scheidung (PLD) oder Sputtern, um zunachst
eine warmeleitende Schicht abzuscheiden, und
anschlieRendes Unterziehen des warmeleiten-
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den Films einer Behandlung durch Fotogravur,
um die Vielzahl von Offnungen (3011) in dem
warmeleitenden Film auszubilden, um die
Schicht (301) mit hoher Warmeleitfahigkeit be-
reitzustellen;

wobei die Schicht (301) mit hoher Warmeleitfa-
higkeit ein Material umfasst, das diamantartigen
Kohlenstoff, Silber, Aluminium, Aluminiumnitrid,
Graphen oder Kupfer umfasst, und die Schicht
(301) mit hoher Warmeleitfahigkeit eine Dicke
von 1-1000 nm aufweist.

Herstellungsverfahren fiir die OLED-Anzeige nach
Anspruch 6, wobeidas Verfahren, mit dem die Diinn-
film-Verkapselungsschicht gebildet wird, ferner um-
fasst:

Schritt 25: Bilden einer zweiten organischen
Pufferschicht (402) auf der zweiten anorgani-
schen Passivierungsschicht (202); und

Schritt 26: Abscheiden und Bilden einer dritten
anorganischen Passivierungsschicht (203) auf
der zweiten organischen Pufferschicht (402).

Herstellungsverfahren fiir die OLED-Anzeige nach
Anspruch 8, wobei die erste, zweite und dritte anor-
ganische Passivierungsschicht (201, 202, 203) je-
weils durch PECVD, ALD, PLD oder Sputtern gebil-
det werden; wobei die erste, zweite und dritte anor-
ganische Passivierungsschicht (201, 202, 203) je-
weils ein Material umfassen, das Al,O5 , TiO,, SiNX,
SiCNx oder SiOx umfasst; und die erste, zweite und
dritte anorganische Passivierungsschicht (201, 202,
203) jeweils eine Dicke von 0.5-1 um aufweisen;
wobei die erste und die zweite organische Puffer-
schicht (401, 402) jeweils mit Tintenstrahldruck
(IJP), PECVD, Siebdruck oder Schlitzdiisenbe-
schichtung gebildet werden; wobei die erste und die
zweite organische Pufferschicht (401, 402) jeweils
ein Material umfassen, das Hexamethyldisiloxan,
Polyacrylatpolymere, Polycarbonatpolymere oder
Polystyrol aufweist; und die erste und die zweite or-
ganische Pufferschicht (401, 402) jeweils eine Dicke
von 4-8 um aufweisen.

Herstellungsverfahren fiir die OLED-Anzeige nach
Anspruch 6, wobeiin demin Schritt 1 bereitgestellten
OLED-Substrat (101) jede der Pixeleinheiten vier
Sub-Pixelbereiche umfasst, die in einer 2xX2-Matrix
angeordnet sind, und die vier Sub-Pixelbereiche je-
weils weilde, rote, blaue und griine Sub-Pixelberei-
che sind.

Revendications

1.

Affichage a diodes électroluminescentes organi-
ques, DELO, dans lequel I'affichage DELO com-
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prend un substrat DELO (101) et une couche d’en-
capsulation a film mince disposée surle substrat DE-
LO (101);

la couche d’encapsulation a film mince compre-
nant une premiére couche de passivation inor-
ganique (201) disposée sur le substrat DELO
(101), une couche a haute conductivité thermi-
que (301) directement disposée sur la premiere
couche de passivation inorganique (201), une
premiere couche séparateur organique (401) di-
rectement disposée sur la premiére couche de
passivation inorganique (201) et la couche a
haute conductivité thermique (301), et une se-
conde couche de passivation inorganique (202)
directement disposée sur la premiére couche
séparateur organique (401) ;

le substrat DELO (101) comprenant une plura-
lité d’unités de pixel agencées dans une matrice,
chacune des unités de pixel comprenant une
pluralité de zones de sous-pixel agencées dans
la matrice;

la couche a haute conductivité thermique (301)
comprenant une pluralité d’ouvertures (3011)
formées dans celle-ci pour correspondre, d’'une
maniere univoque, a la pluralité des zones de
sous-pixels de la pluralité d’unités de pixels, la
premiere couche séparateur organique (401)
remplissant complétement la pluralité d’ouver-
tures (3011) formées dans la couche a haute
conductivité thermique (301).

Affichage DELO selon la revendication 1, dans le-
quel la couche a haute conductivité thermique (301)
comprend un matériau qui comprend du carbone de
type diamant, de I'argent, de I'aluminium, du nitrure
d’aluminium, du graphéne ou du cuivre, la couche a
haute conductivité thermique (301) ayant une épais-
seur de 1 a 1000 nm.

Affichage DELO selon la revendication 1, dans le-
quel la couche d’encapsulation a film mince com-
prend en outre une deuxiéme couche séparateur or-
ganique (402) disposée sur la deuxiéme couche de
passivation inorganique (202) et une troisi€me cou-
che de passivation inorganique (203) disposée sur
la deuxiéme couche séparateur organique (402).

Affichage DELO selon la revendication 3, dans le-
quel les premiére, deuxieme et troisieme couches
de passivation inorganiques (201, 202, 203) com-
prennent chacune un matériau qui comprend Al,O5 ,
TiO, , SiNx, SiCNx ou SiOx, les premiere, deuxieme
et troisieme couches de passivation inorganiques
(201, 202, 203) ayant chacune une épaisseur de
0,5-1 pm;

les premiére et seconde couches séparateur orga-
niques (401, 402) comprenant chacune un matériau
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qui comprend de I’hexaméthyldisiloxane, des poly-
méres de polyacrylate, des polyméres de polycar-
bonate ou du polystyrene, les premiéere et seconde
couches séparateur organiques (401, 402) ayant
chacune une épaisseur de 4-8 um.

Affichage DELO selon la revendication 1, dans le-
quel chacune des unités de pixel comprend quatre
zones de sous-pixel agencées dans une matrice
2x2, les quatre zones de sous-pixel étant respecti-
vement des zones de sous-pixel blanches, rouges,
bleues et vertes.

Procédé de fabrication d’'un affichage a diodes élec-
troluminescentes organiques (DELO), dans lequel
le procédé de fabrication de I'affichage DELO com-
prend les étapes suivantes :

Etape 1 : fourniture d’un substrat DELO (101),
dans lequel le substrat DELO (101) comprend
une pluralité d’'unités de pixel agencées dans
une matrice et chacune des unités de pixel com-
prend une pluralité de zones de sous-pixel agen-
cées dans la matrice ; et

Etape 2 : formation d’une couche d’encapsula-
tion a film mince sur le substrat DELO (101) pour
fournir un affichage DELO ;

dans lequel la couche d’encapsulation a film
mince est formée avec un procédé qui com-
prend les étapes suivantes :

Etape 21 : dépot et formation d’'une premié-
re couche de passivation inorganique (201)
sur le substrat DELO (101) ;

Etape 22 : formation directe d’une couche
a haute conductivité thermique (301) sur la
premiére couche de passivation inorgani-
que (201), la couche a haute conductivité
thermique (301) comprenant une pluralité
d’ouvertures (3011) qui correspondent, de
maniére univoque, a la pluralité de zones
de sous-pixels de la pluralité d’unités de
pixels ;

Etape 23 : formation directe d’'une premiére
couche séparateur organique (401) sur la
premiére couche de passivation inorgani-
que (201) et la couche a haute conductivité
thermique (301) de telle sorte que la pre-
miére couche séparateur organique (401)
remplisse completement la pluralité
d’ouvertures (3011) formées dans la cou-
che a haute conductivité thermique (301) ;
et

Etape 24 : dépbt et formation directs d’'une
seconde couche de passivation inorgani-
que (202) sur la premiére couche sépara-
teur organique (401).
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Procédé de fabrication de I'affichage DELO selon la
revendication 6, dans lequel I'étape 22 comprend
I'application d’un dépbt sous vide avec une plaque
de masque pour former directementla couche ahau-
te conductivité thermique (301) qui comprend la plu-
ralité d’ouvertures (3011) ; ou alternativement,

I'application d’'un dépét chimique en phase va-
peur amélioré par plasma (PECVD), d’un dép6t
de couche atomique (ALD), d’un dépbt par laser
pulsé (PLD)ou d’'une pulvérisation pour déposer
d’abord une couche thermoconductrice et en-
suite, la soumission du film thermoconducteur
a un traitement par photogravure de fagon a for-
mer la pluralité d’ouvertures (3011) dans le film
thermoconducteur pour fournir ainsi la couche
a haute conductivité thermique (301) ;

dans lequel la couche a haute conductivité ther-
mique (301) comprend un matériau qui com-
prend du carbone de type diamant, de I'argent,
de I'aluminium, du nitrure d’aluminium, du gra-
phéne ou du cuivre, et la couche a haute con-
ductivité thermique (301) a une épaisseur de 1
a 1000 nm.

Procédé de fabrication de I'affichage DELO selon la
revendication 6, dans lequel le procédé avec lequel
la couche d’encapsulation a film mince est formée
comprend en outre :

Etape 25 : formation d’'une seconde couche sé-
parateur organique (402) surla seconde couche
de passivation inorganique (202) ; et

Etape 26 : dépdt et formation d’une troisiéme
couche de passivation inorganique (203) sur la
deuxieme couche séparateur organique (402).

Procédé de fabrication de I'affichage DELO selon la
revendication 8, dans lequel les premiére, deuxiéme
et troisieme couches de passivation inorganiques
(201, 202, 203) sont chacune formées par PECVD,
ALD, PLD ou pulvérisation ; les premiére, deuxiéme
et troisieme couches de passivation inorganiques
(201, 202, 203) comprennent chacune un matériau
qui comprend Al,O3 , TiO, , SiNx, SiCNx ou SiOx ;
et les premiere, deuxiéme et troisieme couches de
passivation inorganiques (201, 202, 203) ont chacu-
ne une épaisseur de 0.5-um;

dans lequel les premiére et deuxiéme couches sé-
parateurs organiques (401, 402) sont chacune for-
meées par impression a jet d’encre (IJP), PECVD,
sérigraphie ou revétement par fente ; les premiere
et deuxiéme couches séparateurs organiques (401,
402) comprennent chacune un matériau qui com-
prend de 'hexaméthyldisiloxane, des polymeres de
polyacrylate, des polymeres de polycarbonate ou du
polystyréne ; et les premiére et deuxieme couches
séparateurs organiques (401, 402) ont chacune une
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épaisseur de 4-8um.

Procédé de fabrication de 'affichage DELO selon la
revendication 6, dans lequel, dans le substrat DELO
(101) fourni a I'étape 1, chacune des unités de pixel
comprend quatre zones de sous-pixel agencées
dans une matrice 2x2 et les quatre zones de sous-
pixel sont respectivement des zones de sous-pixel
blanches, rouges, bleues et vertes.
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Step 1: providing an OLED substrate (101), wherein the OLED substrate / !
(101} comprises a plurality of pixel units arranged in an array and each of
the pixel units comprises a plurality of sub-pixel areas arranged in an array;

Step 2: forming a thin film encapsulation layer on the OLED substrate o
(101) to provide an OLED display, wherein the thin film encapsulation /
layer comprises a high thermal conductivity layer (301), and the high

thermal conductivity layer (301) comprises a plurality of openings (3011)
that correspond, in a one to one manner, the plurality of sub-pixel areas
of the plurality of pixel units.
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